iiimiiiiiiniiiiiiiii 

(11) EP 1 153 690 A1 

EUROPEAN PATENT APPLICATION 



Europaisches Patentamt 
European Patent Office 

Office europeen des brevets 



(43) Date of publication: 

14.11.2001 Bulletin 2001/46 

(21 ) Application number: 01 1 1 01 98.7 

(22) Date of filing: 08.05.2001 


(51) infci.7: B23K 1/00, B23K 1/20, 
pnoh/i ORirt'7 croQcr q/^q 

B23K 35/30 


(84) Designated Contracting States- 


t Y hit 


AT BE CH CY DE DK ES Fl FR GB GR IE !TL1 LU 


KariyaCity AlchlPref 448 8661 (JP) 


MC NL FT SE TR 


0 ObayashI, Shinkicht 




Kariya-Clty, Alchi-Pref. 448-8661 (JP) 


AL LT LV MK RO SI 






Kariya"city 'ii'lc'hl PrBf 448 8661 (JP) 


(30) Priority: 10.05.2000 JP 2000136693 




02.03.2001 JP 2001057725 






Klingseisen, Franz, Dipl.-lng. et al 


(71) Applicant: Denso Corporation 


Patentanwalte, 


Kariya-clty, Alchl-pref., 448-8661 (JP) 


Dr. F. Zumstein, 




Dipl.-lng. F. Klingseisen, 


(72) Inventor: 


Postfach 10 15 61 


• Maeda, Akihiro 


80089 MUnchen (DE) 


Kariya-Clty, Aichl-Pref. 448-8661 (JP) 





(54) Brazing method, brazement, method of production of corrosion-resistant heat exchanger, 
and corrosion-resistant heat exchanger 



(57) A method of production of an inexpensive cor- 
rosion-resistant tieat exchanger made of stainless steel 
including the steps of electroplating chrome to a thicl<- 
ness of 15(im on at least one of the end faces of a plu- 
rality of first and second shaped plates made of stainless 
steel alternately stacl<ed in the thickness direction so as 
to form a chrome-based brazing filler metal layer, then 
electnolessly plating or electroplating Ni-P to a thickness 
of 35>im on the chrome-based brazing filler metal layer 



to form a nicl<ei-based brazing filler metai layer. The first 
and second shaped plates are brazed together through 



at exchanger. Further, 




Description 

BACKGROUND OF THE INVENTION 
1. Field ofth 



[0001] The present invention relates to a brazing 
method of a brazement comprising interposing a nicl<el- 
based brazing filler metal layer between brazing parts 
of first and second Joining members or first and second 
shaped plates connprised of stainless steel and heating 
ffiem in that state to a temperature of at least the melting 
point of the nickel-based brazing filler metal layer to 
braze together the first and second joining members, 
more particularly relates to a method for production of 
a corrosion resistant heal exchanger produced by braz- 
ing and having brazing parts of first and second joining 
members or first and second shaped plates exposed to 
a corrosive environment through «fhlch a corrosive fluid 
flovi/s, and a brazement and corrosion resistant heat ex- 
changer obtained by these methods 

2. Description of the Related Art 

[0002] I n the past, an exhaust gas heat exchanger for 
cooling exhaust gas recirculation gas (EGR gas) of an 
exhaust gas recycling system which takes out part of 
the exhaust gas from an engine exhaust system and re- 
tums ii io iiie intake system for addition to the air-fuel 
mixture has been exposed to high temperature (more 
than 400°C or so) EGR gas containing sulfides and con- 
densed water from the same, so generally has been re- 
quired to have a high corrosion resistance. Therefore, 
exhaust gas heat exchangers have generally been of 
the multipipe corrosion resistant heat exchanger type 
using superior conosion and heat resistant stainless 
steel (see FIG. 11) as shown in Japanese Unexamined 
Patent Publication (Kokai) No. 9-310995 and Japanese 
Design Registration No. 1021832. 
[0003] To join such stainless steel, considering the 

is made of the nicliel brazing filler metals stipulated in 
industrial standards such as the Japan Industrial Stand- 
ard (J IS) and improved versions. Such nickel brazing 
filler metals are extremely expensive compared with 
general copper brazing filler metals etc. Nickel brazing 
filler metals are available in a powder, paste, or foil form. 
Powder or paste materials are coated on the required 
locations, whllefoil materials are preplaced. Nickel braz- 
ing filler metal foil is particularly expensive among the 
nickel brazing filler metals, so generally a paste is used. 
In the case of the multipipe corrosion resistant heat ex- 
changer 100, the brazing filler metal for joining the parts 
has to be applied to about six locations. The area of 
coating, that is, the amount used, is small, so even if an 
expensive brazing filler metal Is used, it does not . lead 
to a latge rise in cost. To reduce the size and improve 
performance, however, corrosion resistant heat ex- 



changers of a stacked plate stmcture comprised of a 
plurality of first and second shaped plates made of stain- 
less steel superior in corrosion resistance stacked and 
brazed together to form fluid channels for EGR gas be- 
tween them are being researched and developed as 
corrosion resistant heat exchangers enabling an in- 
crease in heat exchange area between the EGR gas 
and cooling water, 

[0004] In such a stacked plate stmcture corrosion re- 

I sistant heat exchanger, however, if trying to interpose a 
paste of a nickel brazing filler metal between the brazing 
parts of the first and second shaped plates, the number 
of coating steps and the amount of nickel brazing filler 
metal used would become tremendous due to the ex- 

> tremely large number of locations where the paste of the 
nickel brazing filler metal has to be applied. This creates 
the problem of a large rise in cost. Further, in the case 
of a nickel brazing filler metal foil, in addition to the pre- 
placed brazing step, the nickel brazing filler metal foil 

3 itself is extremely expensive, so there is the problem that 
the cost rises even more than with a paste of the nickel 
brazing filler metal. In this way, if using a brazing method 
using a conventional brazing filler metal, the cost ends 
up rising to a level not suitable for the, final product. 

5 [0005] Therefore, Japanese Unexamined Patent 
Publication (Kokai) No. 11-148791 discloses a stacked 
plate type heat exchanger comprised of a plurality of first 
and second channel plates with plated layers on their 
ty..'0 sides. The c-hsnnels and through holes are made in 

0 the first and second channel plates of this stacked plate 
type heat exchanger by press forming, then the surfaces 
are plated with the appropriate brazing filler metal. For 
example, when the plates are made of stainless steel, 
use is made of platings mainly comprised of nickel and 

15 phosphorus. Therefore, note was taken of the compo- 
sition of Ni89-P11 stipulated for JIS Bni6. This brazing 
filler metal is supplied in a paste form, but can also be 
plated on stainless steel. By heating such a plated stain- 
less steel, the plating can be made to function as a braz- 

10 ing filler metal. There was however, first, a problem that 
a nickel-phosphoms-based brazing filler metal is some- 
what inferior in corrosion resistance to chrome-contain- 
ing nickel-based brazing filler metals. Further, second, 
there was a problem that cracks sometimes occurred in 

<s the brazing filler metal layer due to the brazing condi- 
tions (heating temperature and time and cooling time). 
[0006] The first problem of the inferior corrosion re- 
sistance is due to the fact that chrome itself has a high 
corrosion resistance. The second problem of the crack- 
so ing is due to the fact that the molten brazing filler metal 
shrinks when cooled. Inside the brazing filler metal is 
formed a metai structure comprising nickel, phospho- 
rus, iron (diffused from the stainless steel), etc. Cracks 
occur at the grain boundaries of the metal structure of 

es the brazing filler metal. Therefore, to prevent cracking, 
it is desirable to make the metal structure finer. The in- 
ventors therefore considered plating a nickel-phospho- 
rus-chrome alloy on a plate at a single plating operation. 
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There are two plating mettiods for this: electroiess plat- 
ing and electroplating. It has been generally believed 
that in electroiess plating, chrome ions inhibit the pre- 
cipitation reaction of nicltel ions, so it is difficult to plate 
both nicitel and chrome. Further, in electroplating, it Is 5 
said that chrome plating is difTicuit with chrome ions and 
nickel ions since nicttel ions have 20 times or more bet- 
ter precipitation ability. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 
an inexpensive brazing method of a brarement whereby 
first and second joining members are brazed together 
without use of an expensive paste of a nicitel brazing is 
filler metal or nickel brazing filler metal foil and a braze- 
ment obtained by the same. Another object of the 
present invention is to provide a method of production 
of an inexpensive corrosion resistant heal exchanger 
whereby fluid channels and inner fins or first and second 20 
shaped plates are brazed together without use of an ex- 
pensive paste of nickel brazing filler metal or nicl<Bl braz- 
ing filler metal foil and a corrosion resistant heat ex- 
changer obtained by the same. 

[0008] Accordingtoafirstaspectofthepresentinven- 25 
Hon, there is provided a brazing method for a brazerhent 
comprised of first and second Joining members com- 
prised of stainless steel brazed together and having 
brazing parts of the first and second Joining members 
exposed to a corrosive environment in which a corrosive 3" 
fluid flows, comprising a first step of plating chrome on 
a brazing pert of at least one of the first and second Join- 
ing members to form a chrome-based brazing filler met- 
al layer at the brazing part of that at least one Joining 
member, a second step of plating nickel-phosphorus on 36 
the chrome-based brazing filler metal layer to form a 
nickel-based brazing filler metal layer on the chrome- 
based brazing filler metal layer, and a third step of heat- 
ing to a temperature of at least the melting point of the 
nickel-based brazing filler metal layer to braze together 40 
the first and second joining members in the state with 
the chrome-based brazing Tiller metal layerand the nick- 
el-based brazing filler metal layer interposed between 
the brazing parts of the first end second Joining mem- 

[0009] According to a second aspect of the present 
invention, there is provided a brazing method for a 
brszement comprised of fi.rst and seconcl joining mem- 
bers comprised of stainless steel brazed together and 
having brazing parts of the first and second joining mem- so 
bers exposed to a corrosive environment in which a cor- 
rosive fluid flows, comprising a first step of plating 
chrome on a brazing part of at least one of the first and 
second Joining members to form a chrome-based braz- 
ing filler metal layer at the brazing part of that at least b& 
one joining member, a second step of plating nickel- 
phosphorus on the chrome-based brazing filler metal 
layer to forml a nickel-based brazing filler metal layer on 



the chrome-based brazing filler metal layer, a third step 
of plating copper on the nickel-based brazing filler metal 
layer to form a copper-based brazing filler metal layer 
on the nickel-based brazing filler metal layer, and a 
fourth step of heating to a temperature of at least the 
melting point of the nickel-based brazing filler metal lay- 
er to braze together the first and second joining mem- 
bers in the state with the chrome-based brazing filler 
metal layer, the nickel-based brazing filler metal layer, 
and the copper-based brazing filler metal layer Inter- 
posed between the brazing parts of the first and second 
joining members. 

[0010] Preferably, in the first and second aspects of 
the invention, at least one of the joining members of the 
first and second joining members is at least one of a 
housing through which a heat exchange medium flows 
and comprised of stainless steel, a fluid channel ar- 
ranged inside the housing and comprised of . stainless 
steel, an inner fin arranged inside the fluid channel and 
comprised of stainless steel, a core plate connected to 
one end of a fluid channel and comprised of stainless 
steel, and a tank plate forming a tank chamber with the 
core plate and comprised of stainless steel. 
[0011] According to a third aspect of the present in- 
vention, there is provided a brazement comprised of first 
and second joining members comprised of stainless 
steel brazed together and having brazing parts of the 
first and second joining members exposed to a corrosive 
environment in which a corrosive fluid flows, wherein a 
brazing filler metal layer containing nickel, chrome, and 
phosphorus is interposed between the first Joining mem- 
ber and the second joining member. 
[0012] Preferably, the brazing filler metal layerfurther 
includes copper. 

[0013] According to a fourth aspect of the present in- 
vention, there is provided a method of production of a 
corrosion-resistant heat exchanger comprised of a 
housing comprised of stainless steel, a fluid channel ar- 
ranged in the housing and comprised of stainless steel, 
and an inner fln arranged inside the fluid channels and 
comprised of stainless steel, afirst joining member com- 
prised of said housing or said fluid channel and a second ■ 
joining member comprised of said fluid channel or said 
innerfin being brazed together and having brazing parts 
of the first and second shaped plates exposed to a cor- 
rosive environment in which a corrosive fluid flows , com- 
prising a first step of plating chrome on a brazing part of 
at least one of the first and second Joining members to 
form a chrome-based brazing filler metal layer at the 
brazing part of that at least one Joining member, a sec- 
ond step of plating nickel-phosphorus on the chrome- 
based brazing filler metal layer to form a nickel-based 
brazing filler metal layer on the chrome-based brazing 
filler metal layer, and a third step of heating to a temper- 
ature.of at least the melting point of the nickel-based 
brazing filler metal layer to braze together the first and 
second joining members in the state with the chrome- 
based brazing filler metal layer and the nickel-based 
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brazing filler metal layer interposed between the brazing 
parts of the first and second joining members. 
[0014] According to a fiftti aspectofttie present inven- 
tion, there is provided a method of production of a cor- 
rosion-resistant heat exchanger comprised of a housing 
comprised of stainless steel, a fluid channel arranged in 
the housing and comprised of stainless steel, and an 
inner fin arranged inside the fluid channel and com- 
prised of stainless steel, a first joining member com- 
prised of said housing or said fluid channel and a second 
joining member comprised of said fluid channel or said 
inner fin being brazed together and having brazing parts 
of the first and second joining members exposed to a 
corrosive environment in which a corrosive fluid flow/s, 
comprising a first step of plating chrome on a brazing 
part of at least one of the first and second joining mem- 
bers to form a chrome-based brazing filler metal layer 
at the brazing part of that at least one joining member, 
a second step of plating nickel-phosphorus on the 
chrome-based brazing filler metal layer to form a nickel- 
based brazing filler metal layer on the chrome-based 
brazing filler metal layer, a third step of plating copper 
on the nickel-based brazing filler metal layer to form a 
copper-based brazing filler metal layer on the nickel- 
based brazing filler metal layer, and a fourth step of heat- 
ing to a temperature of at least the melting point of the 
nickel-based brazing filler metal layer to braze together 
the first and second Joining members in the state with 
the chrome-based brazing filler metal layer, the nickel- 
based brazing filler metal layer, and the copper-based 
brazing filler metal layer interposed between the brazing 
parts of the first and second joining members. 
[0015] According to a sixth aspect of the present in- 
vention, there is provided a method of production of a 
corrosion-resistant heat exchanger comprised by a first 
shaped plate of stainless steel and second shaped plate 
of stainless steel stacked together and a fluid channel 
provided between the first and Second shaped plates 
and forming a fluid path through which a corrosive fluid 
flows, the first and second shaped plates being brazed 
togetherand having brazing parts of the first and second 
shaped plates exposed to a corrosive environment in 
which B corrosive fluid flows, comprising a first step of 
plating chrome on a brazing part of at least one of the 
first and second shaped plates to form a chrome-based 
brazing filler metal layer at the brazing part of that at 
least one shaped plate, a second step of plating nickel- 
phosphorus on the chrome-based brazing filler metal 
layer to form a nickel-based brazing filler metal layer on 
the chrome-based brazing filler metal layer, and a third 
step of heating to a temperature of at least the melting 
point of the nickel-based brazing filler metal layer to 
braze together the first and second shaped plates in the 
state with the chrome-based brazing filler metal layer 
and the nickel-based brazing filler metal layer inter- 
posed between the brazing parts of the first and second 
shaped plates. 

[0016] According to a seventh aspect of the present 



invention, there is provided a method of production of a 
cornjsion-reslstant heat exchanger comprised by s first 
shaped plate of stainless steel and a second shaped 
plate of stainless steel stacked together and a fluid 
channel provided between the first and second shaped 
plates and forming a fluid path through which a corrosive 
fluid flows, the first and second shaped plates being 
brazed together and having brazing parts of the first and 
second shaped plates exposed to a corrosive envirori- 
ment In wrtiich a corrosive fluid flows, comprising a first 
step of plating chrome on a brazing part of at least one 
of the first and second shaped plates to form a chrome- 
based brazing filler metal layer at the brazing part of that 
at least one shaped plate, a second step of plating nick- 

i el-phosphorus on the chroma-based brazing filler metal 
layer to form a nickel-based brazing filler metal layer on 
the chrome-based brazing filler metal layer, a third step 
of plating copper on the nickel-based brazing filler metal 
layer to form a copper-based brazing filler metal layer 

i on the nickel-based brazing filler metal layer, and a 
fourth step of heating to a temperature of at least the 
melting point of the nickel-based brazing filler metal lay- 
er to braze together the first and second shaped plates 
in the state with the chrome-based brazing filler metal 

5 layer, the nickel-based brazing filler metal layer, and the 
copper-based brazing filler metal layer interposed be- 
tween the brazing parts of the first and second shaped 

[0017] .According to an eighth aspect of the present 

0 invention, there is provided a corrosion resistant heat 
exchanger comprised of a plurality of shaped plates 
made of stainless steel superior in corrosion resistance 
Joined together in a thickness direction, provided be- 
tween each adjoining two shaped plates with a fluid pas- 

5 sage forming a fluid channel through which a corrosive 
fluid flows, and having a plurality of said fluid channels, 
wherein the plurality of shaped plates are brazed togeth- 
er through a brazing filler metal layer containing nickel, 
chrome, and phosphoois. 

0 [0018] According to a ninth aspect of the present in- 
vention, there is provided a corrosion resistant heat ex- 
changer comprised of a housing comprised of stainless 
steel, a fluid channel an-anged inside the housing, car- 
rying a corrosive fluid, and comprised of stainless steel, 

5 and an inner fin an-anged inside.the fluid channel and 
comprised of stainless steel, wherein the fluid channel 
and the Inner fin are brazed together through a brazing 
filler metal layer containing nickel, chrome, and phos- 
phorus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] These and other objects and features of the 
present Invention will be more apparent from the follow- 
55 ing description given with reference to the accompany- 
ing drawings, wherein: FIG. 1 is a sectional view of the 
overall structure of a high con-osion resistance heat ex- 
changer of a stacked plate structure according to a flrsf 
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embodiment of the present invention; 

FIG. 2 is a schematic view of joining parts of first 
and second shaped plates with chronne plating or 
Nl-P plating obtained by either eiectroless or electro 
plating according to a first embodiment of the 
present invention; 

FIG. 3(a) is a schematic view of first and second 
shaped plates given chrome plating and Ni-P plat- 
ing obtained by eiectroless or electro plating ac- 
cording to a first embodiment of the present inven- 

FIG. 3(b) is a schematic view of first and second 
shaped plates given an Ni-Cr-P alloy layer accord- 
ing to a first embodiment of the present invention; 
FIG. 4 is a graph of the results of comparison ofthe 
peeling strength of a brazing filler metal according 
to the difference in amount of Ni according to a first 
embodiment of the present invention; 
FIG. 5 Is a graph of the results of comparison ofthe 
fracture toughness of a brazing filler metal accord- 
ing to the difference in amount of Ni according to a 
first embodiment of the present Invention; 
FIG. 6(a) is a schematic view of first and second 
shaped plates given chrome plating, Ni-P plating 
obtained by eiectroless or electro plating, and Cu 
plating according to a first embodiment of the 
present invention; 

FIG. 6(b) Is a schematic view of first and second 
shaped plates given an Ni-Cr-P-Cu alloy layer ac- 
cording to B first embodiment ofthe present Inven- 

FIG. 7 is a disassembled view ofthe main structure 
of a multlpipe high corrosion resistance heat ex- 
change according to a second embodiment of the 
present Invention; 

FIG. 8 is a perspective view of an elliptically shaped 
tube and inner fins according to a second embodi- 
ment of the present invention; 
FIG. 9 is a perspective view of a rectangularly 
shaped tube and Inner fins according to a second 
embodiment of the present invention; 
FIG. 10 is a perspective view of inner fins according 
to a second embodiment of the present invention; 
FIG. 11 is a sectional view of a multipipe corrosion 
resistant heat exchanger according to the related 
art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] FIG. 1 to FIG. 6 are views of a first embodiment 
of the present invention. FIG. 1 shows the overall struc- 
ture of a high corrosion resistance heat exchanger. 
[0021] The high corrosion resistance heat exchanger 
ofthe preserit embodiment is an EGR gas cooler for ex- 
changing heat between engine cooling water and EGR 
gas to cool the EGR gas. This cooler Is exposed to EGR 



gas of over400°C containing sulfides, nitric acid, sulfu- 
ric acid, ammonium ions, acetic acid, etc. and water con- 
densed from the same, so is constructed by alternately 
stacking a plurality of first and second shaped plates 1 
6 and 2 comprised of highly corrosion resistant stainless 
steel to form a stacl<ed plate structure heat exchanger 
and brazing it together. 

[0022] The high corrosion resistance heat exchanger 
is configured in the following way. That is, a plurality of 

10 first and second shaped plates (corresponding to the 
first and second joining members of the present inven- 
tion) 1 and 2 comprised of stainless steel processed 
(pressed) into ■ predetermined shapes are alternately 
stacked in the plate thickness direction (vertical direc- 

1S tion in FIG. 1) to construct a stack 6 forming exhaust 
passages through which the EGR gas from the engine 
(not shown) may flow (corresponding to the fluid pas- 
sages ofthe present Invention) and cooling water pas- 
sages 5 through which the engine cooling water may 

20 flow. This stack is provided between end plates IB and 
1 7 arranged at a predetermined interval at the illustrated 
upper and lower ends shown in FIG. 1. 
[0023] Note that the exhaust passages 4 are formed 
inthefollovnngway. InFlG. 1, first shaped plates having 

2S upper end faces illustrated in FIG. 1 formed with con- 
cave shapes (and with lower end faces illustrated 
formed with convex shapes) and second shaped plates 
2 with lower end faces illustrated in FIG. 1 formed with 
concave shapes (and with upper end faces formed with 

30 convex shapes) are fit together in their thickness direc- 
tions and are brazed together in that state at least at the 
right ends Coining parts) illustrated in FIG. 1 (in the 
present example, the front ends illustrated in F1G. -1 and 
the rear ends Illustrated in FIG. 1 are also brazed fo- 

35 gather) so as to form fluid channels (tubes) 3 inside 
them. Inside the fluid channels are arranged Inner fins 
, 7 comprised of stainless steel for increasing the contact 
area with the EGR gas and promoting the heat ex- 
change between the EGR gas and the cooling water. 

"fO That is, the exhaust passages 4 are formed between the 
first and second shaped plates 1 and 2 in the vertical 
direction illustrated in FIG. 1. 

[0024] At the top of the high corrosion resistance heat 
exchanger are connected a gas inlet pipe 1 0 forming an 

IS inlet 9 for the EGR gas communicating with an Inlet side 
tank 8 communicating with a plurality of exhaust pas- 
sages 4 and a gas outlet pipe 11 forming an, outlet (not 
shown) for the EQR gas finished with heat excha.nge 
communicating with an outlet side tank (not shown) . 

BO communicating with the plurality of exhaust passages 
4. The cooling water passages 5 are formed inside the 
cooling water channels (tubes) 18 obtained by stacking, 
the second shaped plates 2 having upper end faces il- 
lustrated in FIG. 1 formed with concave shapes and first 

65 shaped plates 1 with lower and faces Illustrated In FIG. 
1 fornried with concave shapes in their thickness direc- 
tions and brazing them In that state at least at the left 
ends Golning parts) illustrated in FIG. 1 (in the present 
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example, the front ends illustrated in FIG. 1 and the rear 
ends illustrated in FIG. 1 are also brazed together). That 
is, the cooling water channels 5, are formed between 
pairs of the second and first shaped plates 2 and 1 ad- 
joining each other In the vertical direction illustrated in 
FIG. 1 . Further, on the top part of the high corrosion re- 
sistance heat exchanger are connected a cooling water 
inlet pipe 14 formed with an inlet 13 for cooling water 
communicating with an inlet side tank 12 communicat- 
ing with a plurality of cooling water passages 5 and a 
cooling water outlet pipe 15 formed with an outlet (not 
shown) for cooling water communicating with an outlet 
side tank (not shown) communicating with the plurality 
of cooling water passages 5. 

Method of Production of First Embodiment 

[0025] Next, the method of production of a high cor- 
rosion resistance heat exchanger of the present embod- 
iment will be explained briefly based on FIG. 1 to FIG. 
3. Here, FIG. 2 is a schemafic view of joining parts of 
first and second shaped plates plated with chrome and 
Ni-P obtained by electroless or electro plating. 
[0026] Here, since there is generally a thin, tough ox- 
ide coating on the surface of stainless steel, a plating 
with a good adhesion is hard to obtain with just ordinary 
pickling and activation. Further, the plating' has to be 
done quickly after removing the oxide coa.ting. There- 
fore, as pre-trs3tment for stainless steel, it is desirable 
to preliminarily clean, rinse, electrolytically clean, then 
rinse again the stainless steel. Here, as the stainless 
steel, first and second shaped plates (base materials) 1 
and 2 processed to give the shapes of the fluid channels 
3 are used. The thicknesses of the first and second 
shaped plates 1 and 2 are 0.2 to 0.4 mm or 1.2 to 1.6 
mm. Further, the materials of the first and second 
shaped plates 1 and 2 are tnade chrome-containing fer- 
rite (a-irdn) based stainless steel and nickel-chrome 
containing austenlte (y iron) stainless steel. 
[0027] Next, the two end faces of the first and second 
shaped plates 1 and 2 are electroplated with chrome to 
15 (im (Cr plating). The Cr plating Is performed using 
200 to 250 g/liter of chromic acid and a so-called Sar- 
gent solution of 100 parts chromic acid and 1 part of sul- 
furic acid at 45 to 55°Cand 10to60A/dm2. For example, 
the first and second shaped plates 1 and 2 are immersed 
in a plating bath through which a straight current (normal 
current) is passed and held there for a suitable time. The 
electrodeposition is started after the first and second 
shaped plates 1 and 2 are warmed. 
[0028] Alternatively, it is also possible to use as a 
chrome plating bath a tetrachromate bath, a fluorine ion 
added bath, a silicofluoric add ion addition bath, a crack 
free chrome plating bath, or a riicroorack plating bath. 
By chrome plating the two end faces of the first and sec- 
ond shaped plates 1 and 2, as shown in FIG. 2, if is pos- 
sible, to form a chrome-based brazing filler metal layer 
(Cr) 21 mainly comprised of chrouie on the two end fac- 



es of the first and second shaped plates 1 and 2 (first 
step). 

[0029] Next, the two end faces of the first and second 
shaped plates 1 and 2 are given chemical nickel platings 
(electroless Ni-P platings) to a thickness of 35 |im by 
self-catalyzed plating reactions. Here, electroless Ni-P 
(phosphorus) plating will be explained. Electroless Ni-P 
plating. Is performed at a high temperature of 90 to 
100°C since a large plating thickness of several tens of 
microns and high speed plating are desired. Normally, 
this Is used for treating an underiayer for soldering, im- 
proving corrosion resistance, improving abrasion resist- 
ance of sliding parts, and thickly plating. tools and other 
functional parts. 

[0030] As this electroless NI-P plating bath, use is 
made of a phosphite bath containing a phosphite as a 
reducing agent. By giving the two end faces of the first 
and second shaped plates 1 and 2 electroless Ni-P plat- 
ings in this way, as shown in FIG. 2, a nickel-based braz- 
ing filler metal layer (Ni-P) 22 of an Ni-P alloy containing 
1 0% of phosphorus is formed on the two end faces of 
the first and second shaped plates (second step). 
[0031] Further, as shown in FIG. 2 and FIG. 3(a), the 
joining parts of the first and second plates 1 and 2 
formed with the chrome-based brazing filler metal layer 
21 and the nickel-based brazing filler metal layer 22 on 
their two end faces are stacked to form a fluid channel 
3 with Inner fins 7 Inside the exhaust passage 4. A plu- 
rality of fluid channels 3 of this structure are then stacked 
to form a stack (stacked plate staicture heat exchanger) 
6. The end plates 1 6 and 1 7 are overiaid at the two end s 
of the stack 6 in the stacking direction, the gas inlet pipe 
10, gas outlet pipe 11, cooling water inlet pipe 14, and 
cooling water outlet pipe 15 are assembled at the pre- 
determined locations of the end plates 1 6 and 1 7 to form 
a stacked plate assembly. 

[0032] Then tiie stacked plate assembly Is brazed to- 
gether in 3 vacuum furnace or other heating furnace to 
produce a high corrosion resistance heat exchanger 
made of stainless steel. That is, by heating at a brazing 
temperature higher than the melting point of the nickel- 
based brazing filler metal layer 22 and lower than the 
melting point of the chrome-based brazing filler metal 
Iayer21 (1000 to 1050°C) to melt the nickel-based braz- 
ing filler metal in the state. with the chrome-based braz- 
ing filler metal layer 21 and the nickel-based brazing fill- 
er metal layer 22 interposed between the first and sec- 
ond shaping plates, the nickel-based brazing filler metal 
flows by surfac£i tension to the brazing parts of the first 
and second shaped plates and brazes the brazing parts 
of the first and second shaped plates. Therefore, a high 
corrosion resistance heat exchanger made of stainless 
steel Is produasd by brazing together a stacked plate 
structure heat exchanger comprised of a plurality of first 
5s and second shaped plates stacked in the thickness di- 
rection (third st(sp). 

[0033] As a reisult, as shown In FIG. 3(b), by the melt- 
ing of the Nl, Cr; and P, a brazing filler metal containing 
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an alloy composition of Ni-Cr28-P8-etc. (nlcltel-chrome- 
pliospliorus alloy) 31 can be obtained. At this time, by 
plating the two end faces of the first and second shaped 
plates 1 and 2 with chrome before plating them with Ni- 
P. it is possible to realize a finer metal structure in the 
brazing filler metal 31 , improve the strength of the braz- 
ing filler metal and tfie fracture toughness, and reduce 
the occurrence of cracks at the grain boundaries in the 
metal structure. Note tfiat as shown in FIG. 4, the peel- 
ing strength of the brazing filler metal increases along 
with an increase in the amount of Cr when Ni-lOP is 
made "1". As shown in FIG. 5, the fracture toughness of 
the brazing filler metal also increases along with an in- 
crease in the amount of chrome when Ni-10P is "1". 
Note that by changing the brazing temperature when 
heating the brazing filler metal to a temperature of its 
melting point or more, the plating thicl<ness of the Cr 
plating, and the plating thickness of the Ni-P plating or 
Cu plating, It Is jsossible to obtain any alloy composition. 
Further, the Ni-P plating may be obtained by electroplat- 
ing or electroless plating. Further, the amount of P is not 
limited to 10% and may be changed freely in the range 
of 1 to 20%. 

Features of First Embodiment 

[0034] In this way, in the first embodiment, by plating, 
the two end faces of the plurality of stacked first and 
second shaped plates 1 and 2 with an electrolytic Cr 
plating and an NI-P plating obtained by electroless or 
electro plating, there is no need to use an expensive 
paste of nickel brazing filler metal or nickel brazing filler 
metal foil and the coating step or preplaced brazing step 
can be eliminated. Due to this. It is possible to reduce 
the manufacturing cost of a stacked plate structure high 
corrosion resistance heat exchanger made of stainless 
steel used as an EGR gas cooler. 
[0035] As another embodiment, as shown in FIG. 6 
(a), the two end faces of the first and second shaped 
plates 1 and 2 are given electrolytic Cr platings (first 
step), Ni-P platings obtained by either electroless or 
electro plating (second step), and then Cu platings ob- 
tained by either electroless or electro plating (third step). 
Further, the Cu platings obtained by either electroless 
or electro plating are obtained by immersion in a copper 
cyanide plating bath or copper sulfate plating bath for 
electrodepositlon or a self catalyzed reaction. For ex- 
ample, In the case of a copper cyanide plating bath, the 
copper Is plated using 60 g/liter of copper cyanide, 70 
g/liter of sodium cyanide, 5 to 15 g/llter of free sodium 
cyanide, and 20 g/liter of potassium hydroxide at 50 to 
60°C at 1 to 3 A/dm2 (air agitation). By plating copper 
in this way, a Cu-based brazing filler metal layer (Cu) 23 
obtained by electroless or electro plating of Cu Is ob- 
tained on the surface of the chrome-based brazing filler 
metal layer (Cr) 21 and nickel-based brazing filler metal 
layer (NI-P) 22 formed on the two end faces of the first 
and second shaped plates. 



[0036] Next, the assembly is heated at a brazing tem- 
perature of at least the melting point of the brazing filler 
metal layers 21 to 23 (1000 to 1050°C) In the state with 
the brazing filler metal layers 21 to 23 interposed be- 

5 tween the first and second shaped plates so as to braze 
together the first and second shaped plates 1 and 2. As 
a result, as shown in FIG. 6(b), by the melting of the Ni, 
Cr, P, and Cu, a brazing filler metal containing an alloy 
composition of Ni-Cr17-P10-Cu9-etc. (nickel-chrome- 

10 phosphorus-copper alloy) 32 can be obtained. At this 
time, by plating the two end faces of the first and second 
shaped plates 1 and 2 with copper after plating them 
with NI-P, it is possible to realize a finer metal structure 
in the brazing filler metal 32, Irnprovo the strength of the 

'5 brazing filler metal and reduce the occurrence of cracks 
at the grain boundaries in the metal structure. Note that 
by changing the brazing temperature when heating the 
brazing filler metal layer to a temperature of its melting 
point or more, the plating thickness of the Cr plating, and 

20 the plating thickness of the Nl-P plating or Cu plating, it 
is possible to obtain any alloy composition. Further, the 
Ni-P plating may be obtained by electroplating or elec- 
troless plating. Further, the amount of P is not limited to 
10% and may be changed freely in the range of 1 to 

25 20%. 

Second Embodiment 

[0037] FIG. 7 to FIG. 10 show a second embodiment 
30 of the present Invention, wherein FIG. 7 is a view of a 
multipipe structure corrosion resistant heat exchanger, 
FIG. 8 is a view of an elliptically shaped tube and inner 
fins, and FIG. 9 Is a view of a rectangularly shaped tube 
and Inner fins. 

35 [0038] The multipipe structure high corrosion resist- 
ance heat exchanger of the present embodiment Is an 
EGR gas cooler for exchanging heat between engine 
cooling water and EGR gas to cool the EGR gas and is 
comprised of a housing 41 througli which the engine 

w cooling water (corresponding to the heat exchange me- 
dium of the present invention) flows, elliptically shaped 
tubes 42 arranged in the housing 41, through which the 
EGR gas (corresponding to corrosive fluid ofthe present 
invention) flows, and made of stainless steel, and inner 

'ts fins 43 arranged inside the elliptically shaped tubes 42 
all brazed together. 

[0039] The housing 41 is formed Integrally into a rec- 
tangularly shaped tube by for examplH nrRs.?inn stain- 
less steel and Is provided with an inlet pipe 44 for sup- 
so plying cooling water inside and an outlet pipe (not 
shown) for discharging the cooling water from the out- 
side. At one end of ths housing 41 in the tube direction, 
is brazed a container-shaped first tank plate 45. At the 
other end of the housing 41 in the tube direction is 
55 brazed a container-shaped second tank plate (not 
shown). At the ceiling part of the first tank plate 45 is 
brazed a connecting part (fiange) 46 to which a gas inlet 
pipe (not shown) for supplying EGR gas Into the housing 
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41 is connected. At the ceiling part of the second tank 
plate is connected a connecting part Qoint) to which a 
gas outlet pipe (not shown) for discharging EGR gas 
from inside the housing 41 is' connected. 
[0040] The elliptically shaped tube 42 corresponds to 
the fluid channel of the present invention and is stacked 
at equal intervals in the vertical direction shown in the 
cooling water passage (fluid passage) 47 formed in the 
housing 41. One end of each elliptically shaped tube 42 
is Inserted into and brazed with an elongated hole 42 of 
the first core plate 48 comprising the first header along 
with the first tank plate 45. The other hand of the ellipti- 
cally shaped tube 42 is inserted into and brazed with an 
elongated hole of the second core plate comprising the 
second header along with the second tank plate. Here, 
it is also possible to use rectangularly shaped tubes 50 
as fluid channels or to comprise the fluid channels by a 
plurality of parts. Further, while- a single column of fluid 
channels was shown in the figure, two or more columns 
may also be provided. 

[0041] . The inner fins split the fluid passage formed in 
the elliptically shaped or rectangularly shaped tubes 42 
and 50 Into a plurality of fluid. passages and thereby in- 
crease the heat exchange area and Improve the heat 
conduction rate to improve the heat exchange perfornn- 
ance between the cooling waterand EGR. Theinnerfins 
43, as shown in FIG. 10, are formed integrally in sub- 
stantially wave-like shapes from a thin stainless steel 
sheet and include a top part 51 , a side wall 52 bent in a 
direction substantially perpendicular from the illustrated 
right end of the top part 51 (downward direction in illus- 
tration), a bottom part 53 bent in a direction substantially 
perpendicular from the illustrated bottom end of the side 
wall 52 (right direction in Illustration),' a side wall 54 bent 
in a direction substantially perpendicular with the illus- 
trated right end of the bottom part 53 (upward direction 
in Illustration), and so on. 

[0042] In this embodiment, one or both end faces of 
the brazing parts of the housing (corresponding to the 
first joining member of the present invention) 41 and 
second core plate (corresponding to second joining 
member of the present invention) 48, the brazing parts 
of the housing (corresponding to the first joining member 
of the present invention) 41 and second tank plate (cor- 
responding to second joining member of the present in- ■ 
vention) 45, the brazing parts of the first and second 
core plates (corresponding to the first joining member 
of the present Invention) 48 and first and second tank 
plates (corresponding to second joining member of the 
present invention) 45, the brazing parts of the elliptically 
shaped or rectangularly shaped tubes (corresponding 
to the first joining member of the present invention) 42 
and 50 and the first and second core plates (correspond- 
ing to second joining member of the present invention) 
48, and the brazing parts of the elliptically shaped or 
rectangularly shaped tubes (corresponding to the first 
joining member of the present invention) 42 and 50 and 
inner fins (corresponding to second joining member of 



the present inventlion) 43 may be given chrome platings 
and Ni-P platings by either electroless or electro plating 
in the same wfay as in the first embodiment. 
[0043] Further, by heating at a brazing temperature 

5 higherthanthemeltingpointofthenickel-based brazing 
filler metal layer 22 and lower than the melting point of 
the chrome-baseid brazing filler metal layer 21 (1000 to 
1050°C) In trie stBite with the chrome-based tjrazing filler 
metal layer 21 and the nickel-based brazing filler metal 

10 layer 22 interposesd between the first and second joining 
members so as to melt the nickel-based brazing filler 
metal and cause the nickel-based brazing filler metal to 
flow between the brazing parts of the first and second 
joining materials to braze them together, a multlplpe 

is high corrosion resistance heat exchange made of stain- 
less steel is produced. Further, as another embodiment, 
it is possible to give the.two end faces or either end face 
of the brazing parts of the first and second joining mem- 
bers a chrome plating and further an Ni-P plating by ei- 

20 ther electroless or electro plating, then give a Cu plating 
by either electroless or electro plating. 
[0044] For joining the first and second core plates 48 
and the first and second tank plates 45 among these, It 
is also possible to coat a paste of a nickel brazing filler 

25 metal. Further, even if plating the two end faces of the 
brazing parts of the joining members, it is possible to 
give only one a chrome plating and Ni-P plating by either 
electroless or electro plating. For example, in the core 
part of a multipipa high corrosion resistance heat ex- 

30 changer, it is possible to- give a chrome plating and a Ni- 
P plating by either electroless or electro plating to only 
the two end faces of the elliptically shaped or rectangu- 
larly shaped tubes 42 and 50, plate only the two end 
faces of the inner fins 43, or give a chrome plating and 

3S Ni-P plating by either electroless or electro plating to on- 
ly the two end faces of the first and second core plates 
48. 

[CQ4d1 Further, it is possible to divide the elliptically 

shaped or rectangulariy shaped tubes 42 and 50 into 
■10 two, give the two end faces of the tube parts a chrome 
plating and Ni-P plating by either electroless or electro 
plating and then braze them together to obtain the ellip- 
tically shaped or rectangularly shaped tubes 42 and 50. 
In this case, even without plating the inner fins 43 with 
45 either chrome ot Ni-P, the elliptically shaped or rectan- 
gularly shaped tubes 42 and 50 and the inner fins 43 
can be brazed together and the elliptically shaped or 
rectangularly shaped tubes 4"2 and 50 and the first and 
second core plates 48 can be brazed together. 

Other Embodiments 



[0046] In the above embodiments, the first and sec- 
ond shaped plates 1 and 2 forming the fluid channels 3 
56 of the high corrosion resistance heat exchanger were 
given nickel-based platings after being processed Into 
the shapes of the parts, but it is also possible to plate 
•the materials before processing to give an Nl-P plating 
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by either electroiess or electro plating and then process 
them into the shapes of the desired parts. Further, in the 
above embodiments, the two end faces of the first and 
second shaped plates 1 and 2 and other first and second 
joining members were given chrome platings and Ni-P 
platings by either electroiess or electro plating or given 
chrome platings, Ni-P platings by either electroiess or 
electro plating, and Cu platings by either electroiess or 
electro plating, but it is also possible to give one or both 
end faces of either joining members of the (irst and sec- 
ond shaped plates 1 and 2.or other first and second join- 
ing members chrome platings and Ni-P platings by ei- 
ther electroiess or electro plating or give chrome plat- 
ings, Ni-P platings by either electroiess or electro plat- 
ing, and Cu platings by either electroiess or electro plat- 
ing. Further, it is possible to.glve only the brazing parts 
of at least one of the joining members among the brazing 
parts of the first and second shaped plates 1 and 2 or 
other first arid second joining members chrome platings 
and Ni-P platings by either electroiess or electro plating 
or give chrome platings, Ni-P platings by either electro- 
less or electro plating, and Cu platings by either electro- 
less or electro plating. 

[0047] In the above embodiments, both end faces of 
the first and second shaped plates were plated with nick- 
el and phosphorus, but it is also possible to plate nickel 
'and phosphorus on only one end face of at least one 
shaped plate among the first and second shaped plates 
1 and 2. Note that it is also possible to. plate with nickel 
and phosphorus one or both end faces of the Inner fins 
7 comprised of the stainless steel. By plating various el- 
ements with a nickel base (plating of several layers also 
possible) and brazing in this way, a metal layer (alloy 
layer) superior in corrosion resistance can be obtained. 
As a brazing filler metal layer and plating layer, there are 
for example electroiess nickel-based alloy plating layers 
such as Ni-P-W, Ni-P-Cu, Ni-P-Cr, and Ni-P-Co. These 
may be combined according to their melting points to 
obtain Nl alloys. Further, the present invention is not lim- 
ited to a high corrosion resistance heat exchanger or 
other heat exchanger and may also be used for brazing 
together first and second plate-shaped members, braz- 
ing together first and second tubular-shaped members, 
brazing together a plate-shaped member and tubular- 
shaped members, brazing together first joining mem- 
bers and second joining members in a cross-shape or 
X-shape, brazing together first and second joining mem- 
bers where the second joining member is inserted into 
a through hole of the first joining member, etc. 
[0048] According to the first and fourth aspects of the 
invention, since a brazing filler metal layer containing 
chrome, which has a high corrosion resistance, Is 
fomned between the joined parts of first and second join- 
ing members comprised of stainless steel, the corrosion 
resistance is excellent. Further, since a flnermetal struc- 
ture comprised of chrome, nickel, phosphorus, Iron (dif- 
fused from the stainless, steel), etc. can be realized in 
the brazing filler metal, the occurrence of cracks at the 
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grain boundaries of the metal structure can be reduced. 
Therefore, by using chrome plating and nickel-phospho- 
rus plating as the brazing filler metal layer interposed 
between the first and second joining members, the first 
6 and second joining materials can be brazed together 
without any need to use an expensive paste of the nickel 
brazing filler metal or nickel brazing filler metal foil. Due 
to this. It is possible to eliminate the step of coating or 
preplaced brazing, so a brazing method, of an inexpen- 

10049] According to the second and fifth aspects of 
the Invention, since copper Is plated. over a brazing filler 
metal layer containing chrorne, which has a high corro- 
sion resistance, between brazing parts of first and sec- 
'5 ond joining members corinprised of stainless steel, it is 
possible to realize a finer metal structure comprised of 
chrome, nickel, phosphorus, copper, iron (diffused from 
the stainless steel), etc. in the brazing filler metal, so it 
is possible to prevent cracks at the grain boundaries of 

[OOSO] According to the sixth aspect of the invention, 

which has a high con-osion resistance, is formed be- 
tween the brazing parts of first and second shaped 

!5 plates comprised of stainless steel in a corrosion resist- 
ant heat exchanger where the brazing parts of the first 
and second shaped plates are exposed to a corrosive 
environment through which a corrosive fluid flows, the 
corrosion resistance is excellent. Further, since a finer 

to metal structure comprised of chrome, nickel, phospho- 
rus, Iron (diffused fi-om the stainless steel), etc. can be 
realized in the brazing filler metal, the occurrence of 
cracks at the grain boundaries of the metal structure can 
be reduced. Therefore, the same effects can be 

'5 achieved as in the fourth aspect of the invention, so a 
method of production of an inexpensive corrosion resist- 
ant heat exchanger can be provided. 
[0051] According to the seventh aspect of the inven- 
tion, by copper plating a brazing filler metal layer con- 

0 taining chrome, which has a high corrosion resistance, 
between brazing parts of first and second shaped plates 
comprised of stainless steel, it is possible to realize a 
finer metal structure comprised of chrome, nickel, phos- 
phorus, copper, iron (diffused from the stainless steel), 

s etc. In the brazing filler metal, so it is possible to prevent 
cracks at the grain boundaries of the metal structure. 
[0052] While the invention has been described with 
raferencR to specific embodiment chosen for purpose of 
illustration, it should be apparent that numerous modlfi- 

0 cations could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 

[0053] The present disclosure relates to subject mat- 
ter contained In Japanese Patent Applications No. 
s 2000-136693, filed on IVlay 10, 2000, and No. 
2001-57725, filed on March 2, 2001 the disclosure of 
which is expressly Incorporated herein by reference in 
its entirely. 
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A br&zing method for a brazement comprised of first 
and second joining members comprised of stainless 
steel brazed together and having brazing parts of 5 
the first and second joining members exposed to a 
corrosive environment in which a corrosive flyid 
flows, comprising 

a first step of plating chrome on a brazing part « 
of at least one of the first and second joining 
members to form a chrome-based brazing filler 
metal layer at the brazing part of that at least 
one joining member, 

a second step of plating nickel-phosphorus on 
the chrome-based brazing filler metal layer to 
form a nici<el-based brazing filler metal layer on 
the chrome-based brazing filler metal layer, and 
a third step of heating to a temperature of at 
least the melting point of the nickel-based braz- 2 
ing filler metal layer to braze together the first 
and second joining members in the state with 
the chrome-based brazing filler metal layer and 
the nicl<el-based brazing filler metal layer inter- 
posed between the brazing parts of the first and 2 
second joining members. 

A brazing method for a brazement comprised of first 
and second joining members comprised of stainless 
steel brazed together and having brazing parts of : 
the first and second joining members exposed to a 
corrosive environment in which a cornDSive fluid 
flows, comprising: 

a first step of plating chrome on a brazing part ■ 
of at least one of the first and second joining 
members to fomi a chrome-based brazing filler 
metal layer at the brazing part of that at least 
one joining member, 

a second step of plating nickel-phosphorus on 
the chrome-based brazing flier metal layer to 
form a nickel-based brazing filler metal layer on 
the chrome-based brazing filler metal layer, 

a third step of plating copper on the nickel- 
based brazing filler metal layer to form a cop- 
per-based brazing filler metal layer on the nick- 
el-based brazing filler metal layer, and 
a fourth step of heating to a temperature of at 
least the melting point of the nickel-based braz- 
ing filler metal layer to braze together the fir 



ining m 



nickel-based brazing filler metal layer, and tt 
copper-based brazing filler metal layer inte 
posed between the brazing parts of the first ar 
second Joining m 



A brazing method of a brazement as set fc 



least one of 

a housing through which a heat exchange me- 
dium flows and comprised of stainless steel, 
a fluid channel arranged inside the housing and 
comprised of stainless steel, 
an inner fin arranged inside the fluid channel 
and comprised of stainless steel, 
a core plate connected to one end of a fluid 
channel and comprised of stainless steel, and 
a tank plate formirig a tank chamber with the 
core plat(3 and comprised of stainless steel. 

A brazement comprised of first and second joining 
members comprised of stainless steel brazed to- 
gether and having brazing parts of the first and sec- 
ond joining members exposed to a corrosive envi- 
ronment In which a corrosive fluid flows, wherein 

a brazing filler metal layer containing nickel, 
chrome, and phosphonjs is interposed between the 
first joining member and the second joining mem- 



5. A brazement as set fortti in claim 4, wherein the 
brazing filler metal layer further Includes copper. 

6. A method of production of a corrosion-resistant heat 
exchanger comprised of a housing comprised of 
stainless steel, a fluid channel arranged in the hous- 
ing and comprised of stainless steel, and an inner 
fin arranged inside the fluid channels and com- 
prised of stainless steel, a first joining member com- 
prised of said housing or said fluid channel and a 
second joining member comprised of said fluid 
channel or said Inner fin being brazed together and 
having brazing parts of the first and second shaped 
plates exposed to a corrosive environment in which 

! a corrosive fluid flows, comprising 

a first step of plating chrome on a brazing part 
of at least one of the first and second joining 
members to form a chrome-based brazing filler 
5 metal layer at the brazing part of that at least 

one joining member, 

a second step of plating nickel-phosphorus on 
the chrcime-based brazing filler metal layer to 
form a nickel-based brazing filler metal layer on 

0 the chrome-based brazing filler metal layer, and 

a third step of heating to a temperature of at 
ieasi the melting poini of ihe nickel-based braz- 
ing filler metal layer to braze together the first 
and second joining members in the state with 

5 the chrome-based brazing filler metal layer and 

the nickel-based brazing filler metal layer inter- 
posed between the brazing parts of the first and 
second joining members. 
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A method of production of a corrosion-resistant heat 
exchanger comprised of a housing comprised of 
stainless steel, a fluid channel arranged in the hous- 
ing and comprised of stainless steel, and an inner 
fin arranged inside the fluid channel and comprised 6 
of stainless steel, a first Joining member comprised 
of said housing or said fluid channel and a second 
joining member comprised of said fluid channel or 
said inner fin being brazed together and having 
brazing parts of the first and second joining mem- to 
bers exposed to a corrosive environment in which 
a corrosive fluid flows, comprising 

a first step of plating chrome on a brazing part 
of at least one of the first and second Joining 1S 
members to form a chrome-based brazing filler 
metal layer at the brazing part of that at least 
one joining member, 

a second step of plating nicl<el-phosphorus on 
the chrome-based brazing filler metal layer to zo 
form a nickel-based brazing filler melal layer on 
the chrome-based brazing filler melal layer, 
a third step of plating copper on the nicl<el- 
based brazing filler nietal layer to form a cop- 
per-based brazing filler metal layer on the nlcl<- 2S 
el-based brazing filler metal layer, and 
a fourth step of heating to a temperature of at 
least the melting point of the nicitei-based braz- 
ing filler metal layer to braze together the first 
and second Joining mernbers in the state with 30 
the chrome-based brazing filler metal layer, the 
nickel-based brazing filler metal layer, and the 
copper-based brazing filler metal layer inter- 
posed between the brazing parts of the first and 
second joining members. 35 

A method of production of a corrosion-resistant heat 
exchanger comprised by a first shaped plate of 
stainless steel and second shaped plate of stainless 
steel stacked together and a fluid channel provided id 
between the first and second shaped plates and 
forming a fluid path through which a corrosive fluid 
flows, the first and second shaped plates being 
brazed together and having brazing parts of the first 
and second shaped plates exposed to a corrosive -is 
environment in which a corrosive fluid flows, com- 
prising 

a first step of plating chrome on a brazing part 
of at least one of the first and second shaped so 
plates to form a chrome-based brazing filler 
metal layer at the brazing part of that at least 
one shaped plate, 

a second step of plating nickel-phosphorus on 
the chrome-based brazing filler metal layer to 65 
form a nickel-based brazing filler metal layer on 
the chrome-based brazing filler metal layer, and 
a third step of heating to a temperature of at 



least the melting point of the nickel-based braz- 
ing filler metal layer to braze together the first 
and second shaped plates in the state with the 
chrome-based brazing filler metal layer and the 
nickel-based brazing filler metal layer inter- 
posed between the brazing parts of the first and 
secorid shaped plates. 

9. A method of production of a corrosion-resistant heat 
exchanger comprised by a first shaped plate of 
stainless steel and a second shaped plate of stain- 
less steel stacked together and a fluid channel pro- 
vided between the first and second shaped plates 
and forming a fluid path through which a corrosive 
fluid flows, the flrst and second shaped plates being 
brazed together and having brazing parts of the first 
and second shaped plates exposed to a corrosive 
environment in which a corrosive fluid flows, com- 
prising 

a first step of plating chrome on a brazing part 
of at least one of the first and second shaped 
plates to form a chrome-based brazing filler 
metal.layer at the brazing part of that at least 
one shaped plate, 

a second step of plating nickel-phosphorus on 
the chrome-based brazing filler metal layer to 
form a nickel-based brazing filler metal layer on 
the chrome-based brazing filler metal layer, 
a third step of plating copper on the nickel- 
based brazing filler metal layer to form a cop- 
per-based brazing filler metal layer on the nick- 
el-based brazing filler metal layer, and 
a fourth step of heating to a temperature of al 
least the melting point of the nickel-based braz- 
ing filler metal layer to braze together the first 
and second shaped plates in the state with the 
chrome-based brazing filler metal layer, the 
nickel-based brazing filler metal layer, and the 
copper-based brazing filler metal layer inter- 
posed between the brazing parts of the first and 
second shaped plates. 

1 0. A corrosion resistant heat exchanger comprised of 
a plurality of shaped plates made of stainless steel 
superior in corrosion resistance joined together in a 
thickness direiction, provided between each adjoin- 
ing two shaped plates v/ith a fluid passage forming 
a fluid channel through which a corrosive fluid flows, 
and having a plurality of said fluid channels, wherein 

the plurality of shaped plates are brazed to- 
getherthrough a brazing filler metal layer containing 
nickel, chrome, and phosphorus. 

1 1. A corrosion resistant heat exchanger comprised of 

a housing comprised of stainless steel, 

a fluid channel arranged inside the housing. 
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carrying a corrosive fluid, and comprised of 
stainless steel, and 

an inner fin arranged inside the fluid channel 
and comprised of stainless steel, wherein 
the fluid channel and the inner fin are brazed 
together through a brazing filler metal layer 
containing niol<el, chrome, and phosphorus. 
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'Fig.2 
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Fig. A 



PEEL STRENGTH VALUE 
{WHEN Ni-10P=l) ■ 
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Fig.5 

FRACTURE TOUGHNESS VALUE 
(WHEN Ni-10P=l) 



^ 2.5 
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Fig.9 
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Fig. 10 ■ 
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